(1RS,3RS,4RS,10SR)-2,2,3,10-Tetrabromo-1,2,3,4-tetrahydro-1,4-ethanonaphthalene, C 12 H 10 Br 4 , (I), is the first structure to be reported with four Br atoms bound to a 1,4-ethanonaphthalene framework and also the first which possesses three Br atoms in exo positions. Interactions between the Br atoms [three short intramolecular BrÁ Á ÁBr distances of 3.1094 (4), 3.2669 (4) and 3.4415 (5) Å ] have little effect on the C-C bond lengths but lead to significant twisting of the cage structure compared with the parent hydrocarbon, which is expected to be fully eclipsed at the two saturated C 2 H 4 bridge positions. Chemically related (1SR,4RS)-2,3-dibromo-1,4-ethenonaphthalene, C 12 H 8 Br 2 , (II), obtained by double dehydrobromination of (I), represents the first structure of any halogen-substituted benzobarrelene. This cis-dibromide shows little evidence of steric congestion at the double bond [BrÁ Á ÁBr = 3.5276 (8) Å ] as a consequence of the large C-CBr angles ].
Comment
We recently reported the crystal and molecular structure of the useful intermediate 3,4-dibromo-6,7-benzobicyclo[3.2.1]-octa-2,6-diene, (III) (Johnson et al., 2011 ) (Scheme 1). We report here on two related structures which provide access to a variety of substituted benzobarrelenes (Ç akmak & Balcı, 1989; Bender et al., 2003) . Compound (I) (Fig. 1) is formed by the addition of bromine to (III) and is the direct precursor, by double dehydrobromination, of the extremely useful 2,3-dibromo-1,4-ethenonaphthalene (II) (Fig. 2) . We have used (II), inter alia, in the preparation of specifically labelled deuterated species such as 2-bromo-3-deuterobenzobarrelene (Bender et al., 2003) . The crystal structure of tetrabromo-1,2,3,4-tetrahydro-1,4-ethanonaphthalene, (I), is the first reported for any tetrabromo derivative of the 1,2,3,4-tetrahydro-1,4-ethanonaphthalene framework. Structures are known for two tribromides, viz. (1RS,4SR,10SR)-2,2,10-tribromo-1,2,3,4-tetrahydro-1,4-ethanonaphthalene, (IV) [Cambridge Structural Database (CSD; Allen, 2002) refcode FOMREE (Ergin et al., 1987) ] (Scheme 2) and (1RS,3SR,4SR)-2,2,3-tribromo-1,2,3,4-tetrahydro-1,4-ethanonaphthalene, (V) (refcode KAKVEZ; Eşsiz et al., 2011) . Thus, (IV) lacks the Br atom at position 3, whilst (V) lacks that at position 10 compared with (I). Note that both of the variable Br-atom locations are in the exo position.
There are two reported structures for pentabromide isomers, viz. (1SR,3RS,4RS,9SR,10RS)-2,2,3,9,10-pentabromo-1,2,3,4-tetrahydro-1,4-ethanonaphthalene, (VI) (refcode MOCWUW; Ü lkü et al., 2002) and (1SR,3SR,4RS,9SR,10RS)-2,2,3,9,10-pentabromo-1,2,3,4-tetrahydro-1,4-ethanonaphthalene, (VII) (refcode TAFXIH; Hö kelek et al., 1990) . The latter two differ, respectively, in the endo versus exo orientation of the Br atom at position 3. The geometry of the parent hydrocarbon framework without substituents on the bicyclic cage is available in 5,8-diacetoxy-1,2,3,4-tetrahydro-1,4-ethanonaphthalene, (VIII) (refcode EDAGUM; Goh et al., 2007) , and in the structure of a cocrystal of 5, 6, 7, 2, 3, (IX) (refcode PAWDIA; Rathore et al., 1998) . In (IV)-(IX), the two single bonds attached to benzene [equivalent to C1-C2 and C7-C8 in (I)] average 1.505 (9) Å , a value not statistically different from the average value in (I) of 1.517 (6) Å . However, these bonds appear shorter than the remaining cage bonds at the 95% confidence level; the latter have a mean value in (IV)-(IX) of 1.544 (10) Å , once the lowest outliers in Fig. 3 have been omitted. The mean value for these bonds in (I) of 1.545 (5) Å represents a very good match. Over all seven structures, there appears to be a slight trend towards longer C-C distances for those bonds substituted with two Br atoms at one end and one Br atom at the other, which average 1.558 (9) Å , but the difference from the distribution shown in Fig. 3 is not statistically significant for this sample.
If the conformation around the boat cyclohexane ring (atoms C1, C10, C9, C8, C12 and C11) is considered, (I) is the most distorted of this comparison set from the essentially pure boat conformations observed in (VIII) and (XI) [even though (VI) and (VII) are pentabromides]. This may be a consequence of its being the only example with three exo Br atoms, arranged in a 1,2,4 all-axial substitution pattern around this saturated six-membered ring. Thus, the torsion angles at the ethane bridges of 18.8 (2) (Br1-C9-C10-Br2) and 35.3 (2) (Br4-C11-C12-H12A) in (I) are considerably larger than in the comparison set. Visually, this ring is also distorted in (IV). A Cremer & Pople conformational analysis (Cremer & Pople, 1975) for (I), undertaken using PLATON (Spek, 2009) , results in puckering parameters of Q = 0.829 (3) Å , = 92.8 (2) and ' = 19.24 (19) for the C1/C10/C9/C8/C12/C11 ring, whereas for (IV), Q = 0.823 (16) Å , = 94.3 (11) and ' = 7.4 (11) for the analogous ring. Thus, the conformation in (I) is intermediate but closer to the twist-boat limit (' = 0 for boat and 30 for twisted), whereas that in (IV) is much closer to a boat conformation.
The molecules of (I) lack any symmetry and stack along the a axis of the unit cell, with short Br3Á Á ÁC4
ii contacts of 3.430 (3) Å . However, the strongest interaction is probably between atom Br3 and the benzene ring centroid [3.332 (3) Å ] (see Fig. 4 for symmetry code).
To date, no crystal structures have been reported for any derivatives of a mono-fused bicyclo[2.2.2]octa-1(7),4(8),5-triene (i.e. a benzobarrelene) bearing halogen substituents on the framework atoms. Indeed, a search of the CSD (WebCSD, December 2012) returned only seven structures for this class of compound (excluding metal complexes). Of these, the examples with electron-withdrawing substituents that might be most comparable with (II) are methyl 2-benzoyl-1,4-dihydro-1,4-ethenonaphthalene-3-carboxylate, (X) (refcode The molecular structure of (I), showing the atom-numbering scheme, with displacement ellipsoids drawn at the 50% probability level. The crystal is a racemate; the displayed molecule has the following stereochemical centres: C1 R, C8 R, C9 R and C11 S.
Figure 2
The molecular structure of (II), showing the atom-numbering scheme, with displacement ellipsoids drawn at the 50% probability level. The displayed molecule has the following stereochemical centres: C1 S and C8 R. Short intermolecular Br3Á Á ÁC4 and Br3Á Á Ábenzene ring centroid contacts linking the molecules of (I) in a straight chain parallel to the crystallographic a axis. Ring centroids are indicated by large spheres and dotted lines denote the interactions. [Symmetry codes: Trotter, 1989) , and dimethyl 9-phenyl-1,4-dihydro-1,4-ethenoanthracene-11,12-dicarboxylate, (XII) (refcode WEJBOC; . In this sample of four structures, the single bonds of the barrelenes are indistinguishable, with an average length of 1.526 (9) Å . Interestingly, for the nonfused C C bonds, those in (II) fit best with the 'unsubstituted' analogues, at an average distance of 1.315 (4) Å , whereas the C C bonds bearing the ester or ketone substituents in (X)-(XII) are longer, with an average of 1.337 (6) Å , suggesting that in these cases there is steric congestion resulting from the 1,2-substitution of the carbonyl groups. And yet the Br atoms in (II) seem to cause little crowding; the intramolecular Br1Á Á ÁBr2 contact distance is 3.5276 (8) Å , only marginally less than the sums of their van der Waals radii (Bondi, 1964) . Whilst it is true that the C10-C9-Br1 [126.50 (14) ] and C9-C10-Br2 [125.79 (14) ] angles are wide, this is just as likely to be a consequence of the pinching of the interior angles at atoms C9 and C10 by the bicyclic cage geometry as it is to be due to steric pressure between the Br atoms.
Molecules of (II) possess noncrystallographic point symmetry m. Short intermolecular Br2Á Á ÁC6 i contacts [3.512 (2) Å ] link them into a zigzag chain parallel to the crystallographic b axis (see Fig. 5 for symmetry code). Here too, just as in (I), the strongest interaction is between Br and neighbouring benzene ring centroids, at 3.480 (3) Å .
Experimental
Tetrabromide (I) was readily prepared by the addition of bromine to (III) at 253 K, accompanied by a rearrangement of the hydrocarbon cage, as shown in Scheme 1 (Kitahonoki et al., 1969; Johnson et al., 2011). Recrystallization of the reaction mixture from chloroformhexane (1:1 v/v) gave colourless block-shaped crystals of (I) (yield 54%, m.p. 418-419 K). Dibromide (II) was prepared by the double dehydrobromination of (I), according to the method of Ç akmak & Balcı (1989) (yield >80%, m.p. 344-345 K), and was recrystallized from dichloromethane-pentane (1:2 v/v).
Compound (I)
Crystal data C-bound H atoms were treated as riding, with C-H = 0.99 Å and U iso (H) = 1.2U eq (C) for methylene, C-H = 1.00 Å and U iso (H) = 1.2U eq (C) for methine, and C-H = 0.95 Å and U iso (H) = 1.2U eq (C) for vinyl and aromatic H atoms. No data were rejected for (I), but three intense reflections and one inconsistent equivalent in the data set of (II) were omitted from the refinement. The largest peak and deepest hole in the final difference maps approach the equivalent electron density of an H atom but are located less than 1 Å from Br atoms. For both compounds, data collection: APEX2 (Bruker, 2008 ); cell refinement: SAINT-Plus (Bruker, 2008) ; data reduction: SAINTPlus; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008 ); program(s) used to refine structure: SHELXTL (Sheldrick, 2008) ; molecular graphics: Mercury (Macrae et al., 2008) ; software used to prepare material for publication: publCIF (Westrip, 2010) .
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sup-1
C10-C1-C2-C3 119.7 (3) C12-C8-C9-Br1 −80.7 (2) C11-C1-C2-C3 −122.1 (3) C2-C1-C10-C9 46.8 (2) C10-C1-C2-C7 −62.3 (3) C11-C1-C10-C9 −64.0 (2) C11-C1-C2-C7 55.9 (2) C2-C1-C10-Br2 174.12 (15) C7-C2-C3-C4 0.1 (4) C11-C1-C10-Br2 63.4 (2) C1-C2-C3-C4 178.0 (2) C2-C1-C10-Br3 −70.40 (19) C2-C3-C4-C5 −0.4 (4) C11-C1-C10-Br3 178.88 (15) C3-C4-C5-C6 0.4 (4) C8-C9-C10-C1 16.4 (3) C4-C5-C6-C7 −0.2 (4) Br1-C9-C10-C1 144.07 (17) C5-C6-C7-C2 −0.1 (4) C8-C9-C10-Br2 −108.78 (19) C5-C6-C7-C8 174.5 (3) Br1-C9-C10-Br2 18.8 (2) C3-C2-C7-C6 0.1 (4) C8-C9-C10-Br3 134.26 (17) C1-C2-C7-C6 −178.0 (2) Br1-C9-C10-Br3 −98.12 (16) C3-C2-C7-C8 −175.1 (2) C2-C1-C11-C12 −73.6 (2) C1-C2-C7-C8 6.7 (3) C10-C1-C11-C12 40.5 (3) C6-C7-C8-C12 125.7 (3) C2-C1-C11-Br4
